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XII - PERF”ORMAdCE OF ‘A.FORMED+WTE, .CROSSF}QW
,.

EXHAUST (3AS MD AIR HEAT EXCHMGER -. ‘., .

. . .. BY L. MY K. Boelter, H. (3.“Denk~son, .
A. G: Gu,ibert, and- E. H. .Mgrrin“:.”

..... . . . . .., “..... . ....

suumY - . .:’
..- .,. . .
Performance data on a Trane. exhaue$ gas and air heat

exchanger are preeented. Heat transfer ratee were meas-
tired using exhaust gas rates ranging from 4550 lb/hr to
7000 lb/hr and ventilating-air rqtes from 2200 1>/hr to
4750 lb/hr. The Inlet exhaust gas temperature wae main- .
tained at approximately 1400° F; whereae the inlet temper-
ature of the ,ventilating #ir was about 95° F. Preseure “
drop measurement were made across the exhauet- gas side
and acroes the ventilating air eida of the heat exchanger
under $eo~hermal and non-isothermal condition. In addl-

, tion, ieothermal,pressure drops acroee the inlet and
outlet air dhcte alone w~re mefisured.

..

The maximum measured rate” of heat transfer was
369,000 Btu/hr w,ith maximum static pressure drops of 18.8
inches of water and 13.9” inches of water on the sxhaust
gas ,and ventilating air sides of ●the heat exchanger, ““
respectively. ,

..
‘The measured thermal oufp’uts and the sttitic pressure

drope. are compared with predicted ‘magnitude..- ..
. . . . .

.,.
. . . .

r INTEODUCTIOM . .: . - - .. . .. .

.. . . .

..~ The heater waB tewted on-the large teat stand.”in the
Mechanical Engineering Zmbaratorzes of the University of
California. (Seep holograph (fig. 1) and a &eecr-iption of

this test stand In refebdnce 1..) Thie heater was designed
~ for use 1P the exhauet gas system of airqraft engines for .
the. purpose of supplying heated air to the ca~in, tho wing,
and the tail surfawibs..“ - ‘ ,.

. . .

— —— —
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. . . #. ...,.. . . .

The follbwinp data were obtainbdl “-”‘ ““””‘:”’
...- .-

3. Temn_rntures. .o$”.the heater .surfaceq . ,. .. . ... ..

5. Isotli~rrnql static nraosure.dron m~?nur~ments
. . mcrass the air inlet and-outlet ducts “

... .“ ... .,:.,.,

DESCRIPTION OF ~RY””TR41iIlH~ATZ!ll”A19Dh TJ?E TJ?STIIW PZZ~C~DURE. -
“. .

“- . . . ..”

The trnn~ he~tpr ~g ~n-~11-~r~mg-gurf.~c~ cro~gflow “ “
unit con~lst.i-ng of al$ernata ventilating air and”’exhs.ust
pas passapew made..from preformad. sheets about”lJ

3“by”7t “,
inches . The pa~sa~ea: on ‘the .pxhaust ras “s~dei 56 &n number, ...

of recthn~u.i;r” cross section and n“ lenfith of 6A inches. .
2“

the sinuous massages nf which conform to tho contour-q of
the ~xhaust pks nasaagea. The aheeta arp mounted in a ~
frame of light an&le iron; forminp n unit with over-all

dimenaiona of anmroxirn~tely 14~ ‘b; $2 by “~~ inches. . A-:. “,
..

sketch of the heat exchanger is shown in figure 7. Also,
photoprnmhs of th- heat~r Rre dhtiwn.i~ f~gures ? to 4.
The inlet duct of the air shroud c~~tainpd v%nes arr~n~pd
to distribute the flow of vpntilntinp =iir ncross the heat-r...

The weight rates of exh%u”~t.pas~ and ve?tll”atlnp. n.ir .
were obtnined” by m~an~ of cqllbrated s.aunre-eQei orifices.”. .

The exhaust .?as temperature wer”-h~~stired””at the .
inlet and outlet of the heater b,w m~?.ns of ~hi~~lded traw- “
er~ing thermocoupl~s. Unahi=lded traver.siq- “tm~ermocou.m”l”es
were used to measure th- temm~rature of the ventilntinp!
nir.
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A mixin~ dev~ce was used at the exit of the natural-
flae furnace to imnrove the temperature distribution at.
the entrance to the heater.
(in deg.

The temperature distributions
E’)-Were as follows:

Exhaust g~s inlet ~ mercent of complete uniformity

Exhaust ~as outlet ~ percent of commlete uniformity

Ventilating air outlet *18 peroent of complete uni-
formity

Ventilating air inlet (complete uniformity)

The traversin~ thermocouples were installed nt the
followinG points:

Exhauet gas inlet temperature traverse - 15 inches
upst-:eam from heater.

Exhaust ~~s outlet temperature traverse - 2b~ inches
downstream from heater

Ventilating air inlet temperature trav~rse -
7 Inches uvstraam from boater

Ventilating air outlet temperature trav9r5e -
34 inches downstream from heater

!Che heat lCSS to the surroundln~c was reduced to a
negli~ible amount by wrapping the ducts find the heater
with asbestos sheets.

Temperatures of the heater surfaces were measured at
six points, three OE each side (ventilatlnC air inlet and
outlet sides) of the heat~r. (See fi?s. ? and 3.)

Static pre9surs drco measurements wero made acroee
the ventilating air and exhaust Cas sides of the heatar.
Two taps, 1~0° apart, were installed at e:lch pree”sure-
measuring station. The pressura tans on the g-inch exhaust

gas aucts were ylaced 5$ inches upstream and 7 inches t.own-
—

stream from the heat tranqfor section of the heater; .whera-
as thoee on the vent%lattn~ air slile ~aere placed in a 5-

Inch duct 11* znches upstream .md 14 inches downstream from

the air shroud o~enin~s.

r —. --



Isothermal static pressure drop meazuremcnts across
the air inlet and outlet ducts alone were mr.de by separat-
in~, these ducts by a llspacer~tequivi=,19nt to the heater
width, ~o that the ducts were in positions corrosnonding
to those for measureme~ts across the ducts and the heater.
The pressure dror in the ~spacerfi was computed and found
to Fe negligibly small.

A
a

aren of heat transfer, ft

Aa totkl cross-sectional area of the >assaflos on the
ventilating air side of the heater, fta

totnl crons-c~ction~l arcn of the nass%ge~ on the
‘g exhaust gas aide of the heater, fta

A3 cross-oection~l arsn of the v~ntilatin? zlr outlet
duct, fta

heat capacit~’ of air at constant presgur~, 3tu/1% oF
‘Pa

h~’qt cap,,.cit~ of exlwust gas nt constant pre~sure,
‘Pc Bt71/lb ‘F

D hvdraul:c dfametsr, ft

Da hydraulic diaxotor on vDntilnt,ing air side, ft

“Dg hydraulic di~met:r on ~xh%ust gas r.ldo, ft

fc unit thermal con’roctive ccnrluctanco (average with
length), 3tu/hr fta ‘F

f unit therm=l convectlv- c~nduct.nnce f“or ths vGntilq-
Ca ing air (avera~o with len~th), 3tu/hr fta ‘F

f ‘knit thcrrlal ccnvectlvc cond-~ctance for the exhaust
c~ &as (P.vera,?cwith length), ?Gu/hr fta oF
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... .

gravitational force per unit of mase, lb/(lb seca/ft)

weight rate per unit of are&, lb/hr fts . .

weight rate per unit of.area for ventilating air,
lb/hr f.ta

weight rate per unit of area for exhaust gain, lh/hr fta

coefficient for isothermal pressure drop due to
gradual contraction of fluids ..

coefficient for isothermal pressure drop due to
sudden contraction of fluids .

length of fluid passages; alao length of heat trana- .
fer surface, ft

measured rate of enthalpy change of ventilating airs
Btu/hr

meaaured rate of enthalpy ckange of exhauet gas, Btu/hr

arithmetic average of three surface temperature meas-
urements taken Eear the ventilating air inlet, ‘B

arithmetic average of three surface temperature meas-
urements taken. near the ventilating air outlet, ‘F.

arithmetic average mixed-mean absolute temperature of
T‘al + 83

ventilating air = —— + 460, ‘R
2

arithmetic average mixed-mean absolute temperature of

T1 + Tg
fluid =

2’
‘Ii

arithmetic average mixed-mean absolute temperature of
Tg + Tg*

“exhaust gae = + 460, OR
2

mixed-mean abgolute te~erature of fluid at entrance
eection (point 1), R“

mized-mean absolute temperature of fluid at exit
section (nolnt 2). ‘R-/. .
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‘k) mixed-mean absolute “temperatu~e”of fluid for iso-
thermal pressure drop tests; ‘R

‘m mean velocity of fluid at minimum cross-sectional .
area of fluid passages, ft~aec

over-all unit thermal conductance, Btu/hr fta ‘T

over-all thermal conductance, Btu/hr ‘F

weight rate of fluid, lb/hr

weight rato of air~ lb/hr

weight rate of exhaust gas~ lb/h$

weight den~ity of fluid at entrance to heating
section (point 1), lb/ft3

pressure drop along heater, lb/fta

pressure drop “along heater on ventilating air side,
lb/fta

pressure drop along hemter on ventilating air eide,
inchqs HeO “

pressure drop along heater on exhaust gas side, lb/ftsAPg

Ap Ig pressure drop along heater on exhaust gas side,

Apcozltr

AP
duct

‘Pfric

AP
Tiso

ho

‘t IDI

inches HaO

isothermal pressure drop due to contraction, lb/ft8

isothermal preseure drop along inlet and outlet
ducts of the air shroud, lb/ft

isothermal praseure drop due to expansion, lb/fts

isothermal pressure droy due to friction, lb/fte

isothermal prsaeure droy alongaheater and ducts
at temperature Tiso, lb/ft

AP L u#
isothermal friction factor defined by ---= c - ———isoD 2g

logarithmic mean temperature difference, ‘F
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A?a

th=

v

‘a
1

T
aa

T ~1

T ~a

ml

Pr

Re

the

difference between mixed-mean temperatures of venti-
lating air at sections de~lnad by “poihts 1 and 2 =
Ta - T~.* or.

a 1 .“ .:“
difference between rnlked-mmean”t“emper’atures of exhaust

>, gas at seotion~ defined by points.,1 and 2 = “ ‘s”

T%1 -,m~q~:.:3 . . “.. “ “.”--
..”. . .

viacoaity of fluid, lb eec}fi%’” ‘“’” “ “
. . - -.. * .

mixed-meaza$wnperature of “v’entilatlag adr. at” entrance “
‘seetlori”(point 1), ‘1?“!

mixed-mean temperature of ventilating air at exit
sectio~ (point 2), ‘F

. .
mixed-mean temperature of exhaust gas at entrance .

section (point 1), ‘F - .

mixed-mean temperature of exheust gas at exit
section (point 2), ‘F

fcD
Musselt number = —

k

Prandtl qumber = ‘-kc~ 3600 g

Reynolds number = G D
3600 ~ g “

METHOD OF AllALYSIS,

Heat Transfer

The thermal out?ut of “the hea’ter was ‘determined by
enthalpy change of the ve”ntilatlng air:

.,

“%3 = ITa cPa(Ta~a-“Ta- ) (l)’ ‘ “
.“ ,1

in which .waq evaluated at ‘the ~drithmstic av-rkge ““
‘ c>a .

ventilating air temperature as a good approximation. A
plot of qa againgt Wa a% constant ..v.aluea@f them exhaust

gas rate lfg is shown “in figure 8.
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... .“ .’ “On the exhaust sqs. side. of .tho .he.mtqr.:....,. . . . . ... .-.. .. . .... . ....

-.. .. ..- . . . . . . ..
where.. c ,; was o+altiktkd for a~r Ft the” arithmetic aver-

‘~.” . .

age oxh:’.ust{;as temperature.
..

Tho moa.~ured over-all .ther,m.alcondcctFn.c_o UA was
e-raluatefl from the expres~~on: o

‘...- ----- ...

for counterflow nnd then ~ultiinli~d by.a cor~ection’fqctor.
(S60 reforenc~ ?,.p. .lQT.) In~smuch as this correction
factor waQ all~m.ysvithin 1 ~~rcent of un~t?, the Atlm

used in thos~ c:nlculntions was ta%cn to he that for coun-
tsrflow of tho fluids.

A ~~ot of lJY~ as n function of the vcrjtilatin~ air
rnto Ifa at constant values of Itg is. shpwn.in fi.fiure~.

Tho thermal outnut of the heater for values of At ;m

othor than thoso used ht?r”o”mar be ~r’edictod by.determining
UA at th~ corros?ondin~ wei~ht rates from fi~uro ~ and
using these maenltudes In aq~~ation (3).,

. . . .
The! prodictcd rata of heat trahsfer plotted in figuro

9 was calculated brr mean~ of tho equation
.. ..

..

(4)

coaductc.nces fCa and f on thd””.ventil~.tin~ nir and
CG’ .

exh:.ust ~n.assides of tho heatkr, ra.s?ectively, aro evalu-
t~te(i from the followin;q equations:. . ..

.“ ma?+f. =5.56 x .lC)-4.Ta0”ag6 -T%-.% . . (5). . .... Ca . Da .“

Rild .1.... .



9

., *0.13
,-. f =, 6.56 “X 10-4 “Tgo-see ~ (6).,

Cg .“..; ..=%o..a.
...
,-“...p-.. :.. ..,,.*. 7.- -

---- ... ..
.wherk.” D ,.1s the,’.hydrailic diameter ahd the subscripts a
an& s g “xefe~ ~0 “the .~entilating atr and exhauet gae sides-
respeotivel~. (See referexacb 3, .:equatlons .(16) and (17), ,
for derl”v&tiiQn of -equations (5) and. (6);) .’. .

. ,.
,“r. ... . .

.-,.’ .J . .

.,. -- .,. : , .~”Pressure Drop . .
.. ,.’- .,

. ..
‘. Keaeuremente of .+he’.s’tqtic pr~eesure drops acroes the
“ai.~arid gas sides of the heat~-r were mede under isothermal
and non-isothermal. conditions? A determination of the
pressure drops, across the air inlet and outlet ducts alone

“.unda .Isothermal conditions also was made. The isothermal
pressure dfop fiicrciss the heater alon’e hp,htr was deter-

mined by the difference between the meaeured drop across
. both ducts and heater %.iao. an@’ that across the ducts... .
“alone Apduct”..

. . . :.
These’ data werti employed to evaluat9.the isothermal

frlct’ion ‘f.ac.tor !180 for the air side of the heater by—- -—-
means of” the expression

‘pTiao - .APdtict.‘Aphtr ‘dpcontr +*pfrict +Aps= (7)
,.

. . .
.The contraction loss is obtained-.——— ,..

. .

..
AP

contr
‘Kc+

.*..

In which urn IS the mean velocity in
“ ‘the heater and T’ IS the unit weight

from

(8) ~

>

the air passages of

of the air, evaluated
at TiBo~ “Tb6 magnitude of K= was obtained from refer-

ence 4 or reiOreice.5 (Kc.= 0.30).
.. .. . .*

.-,
. . .. .

1.

.’ T3q.fr3.. ctlonal preesure drop i-s evalue$ed from
:. .. . ..-. ..

.:.
. .

.,

.

..-. ..— - .- —..

(9)
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. ..-. .,. - . .
~For .th~ ‘&g si~k,: t~~. m.6”a’su”r”od.:ssothorm~l static ‘..... ..

was that ~acrojtis.the heater aIone; :;prossq.r.e~rO.~-~T~~oI ....
..... .

So ‘Pht r = hpTiso, The ga~ passa{:es wore slightly.. ..”

tapoyeod Qn occh end so that the isothermal pressure dron
“aons~s tad of tlid‘fo210Widg”:fiv6 tor~s:.. .. .. . . . .. “J.:....... .-. . . ... . ... .m. .“

a) A sudden contraction fr~m gals-inlet duct to
entrance end of gas ?aas”a&es “ .

. . . . b? A“gr&du@l “.centrac$ion n.:on~ tan~rod. entrance to
pasi!agos uh tb point”ef minimum cross- .
sectional arza

. . . .
c) The frictional pr”essur”e drop through center sec-

. tion of pascages at minimum croes-sectional area..
. .

d) A gradual ;x$%~sloh at: ta~er”ed ende of passages

-..e.)A .~.tiden oxpans.ion from, and of p.as~agos into gns-
outlet duct .j“ “.“.. .. ..”. “,..

The” expression far the %;othormal presqure drop due to
these five t~rms Is tk@n written i.n a farm similar to
equations (7) and (11):

.—. . ——.
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‘--“lzrwbich Kc = 0.14s the coefficient for sudden contrac-
tions is obtained from referenoo h or reference 5; K = 0P04S

---.-.

tko coefficient for gra$ua$; contraction also is obtained
‘-from reference 4 or referdhbe. 5.; (1 - m ~ = 0S250 the coef-_

, ..

.. ,”. . . . .

““AP=
‘Fmiao C;ZY1= ~(;;5$;;-~ [if -1+) - (13):...

,who~o .“ “’ “,” ,, ,
... . .

.. ..... . ..,

‘pTiso
total measured isotherrna”l prossuro dro- (duo to

...

friction alono) at.,tnmpera%u.re” Tiso
. . . . .

.. .
.:

.: ..- :
TI .and “ !J?= jm~xod=rnehn absolut.o temper nturos of ‘fluidl”at

... “Siglkt:’and Qutlat OZ h~ator, res?ecti~.~ely;
#m. :. .,
T ~,v

h,arithmotic avbrac-e~of , TZ.2 IJ&A...2 “ “
.“.

. . ... . .. .
~“. ““,flui~iflow p-m unit. 0%0s’8.8ec-~lo-na~anoa . - “

:.
:} ““. . . . ..-
?= unit w eight, evaluat od ‘Ct”temp’erature T1 , of fluid

at inlet to hoator .-----
. .. . .. /“”. .
A compari~on o~.measured” and prodictod: non-i sot.hormal

pr~bs”~pr.edrops. acr~ss ,each s“ldm”“of.t:ho heater is pr~.sentsd
1$ tablo IV and ia shown graph ic~ll?. in fi%ures. 1~, and 11.
.. ..:.“!,:.:. “. . ..-.

Heat ~;a~sfer .and”pre#duro drop data for th~q Trane
he&t oxohangor are presented in” tablo Is . “ . ; . ,.-

.1 .:. . .. . : 4 “- .! .-..” 1.
,. .

,, ~.
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“DIS,CUSSIo~ “ - ‘j~~” ““. . “ “ - “~,.

●.*” . . .. .. .
, . . .. . .,

T“he arit~dkt lC “av~rsige .of all “the..h$at halanc’e rit Ioa
(cJqa) was 0.975. The tmprovarne?t. o?er ‘the”ratios found

tn tests ~n other heatars was due. to the be.t.tertemperature
dl~tribution attatned at the exhaust gap outlet of th%.s
heater. The exhaust gan experienced a .euddeq expanaion
from the tubes of the h6ater irito the outlet ducts, a~d
‘aleo ncentral cores of hot gaa~ n en~~u~tierdd in many heatereg
were absent in this ease because of the..great number of
exhauat gas paasiagea.

●

The magnitudes of the over-all thermal conducta~ce UA
predicted by meaus of equations (4), (5], and (6) are about
10 percent lower than the values obtained from laboratory
data at an air rate of 5000 lb/hr and about 25 percent lower
,at m air rate of 2000 lb/hr. The use of the multiplier
(1 + 1.1 D/L) in ~quatiouk ($) and (6) to account for ths
higher unit thermal conductance near the entrance of a tube
or channel would yield magnitude of UA about 5 percent
highe~ than those which ?ere obtained .from equatione (5)
and (6) upon neglect of this’correction. (See Appendix of
reference 8.) Also the jsinuoue character of the paeeages
on the air eide of the heater ,may actually increase the
unit thermal conductance over that expressed by equation (5),
which 1S based on results of straight tubes.

The predicted unit thermal conductance on.the gas side
of the heater wae found to be much larger than that on the
air sid”e. Thus, the controlling reeietance to heat trans-
fer was on the air side. It maybe possible, therefore, to
re-proportion the air and gae crose-sectional arean in.
order to reduce the large static ureesure drop on the ex-
haust gas side but not reduce appreciably the thermal out-
put of the heater. The temperature of the heater surfaces
would thus also te diminished! .

The isothermal friction factor along the air side of
the heater alone, computed from laboratory ’pressure drop
measurements, is larger than would be predicted for smooth
or even rough pipee or channels. Thie fact .may have been
due to eddies caused by the zigzag path .followed by the .
ventilating air ae it paeeed through the heater. The iso-
thermal pressure drop through the inlet and outlet air
ducts was about 50 percent of the total .daop across the
ducts and the heater. (See table $1. )
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II and 111. A aomgar%eok-,o% ..thelletialu.ee~wit~ tho”s~+.of‘a
. glo.~t,qd-f$.~hddter (e-eJq.ref%rsncd,~g,-”~qbldg VII and TIr’Ij

reve~le, .bhti.t.~~o’.~,. f~~ stther “t.~e:.,of.heat er ~e””’~&Pro-Z-‘t-
. ... . .. .. .. .

l~at~.1~.0.; l’for.th’eo~hausj”- &ks sides. ana ‘dpp;oximately
2.5 for the ventilating air sldee. Thpee. v@luss. are, of
course, a fun~ti.on of ..$he yq$~h~’..ratiep~r.u.nit. of arosti-’.
sectional mea.’ G. .-.Thb jh%~,h~r’valueti.’of.th$;s .ERtda.on
the air .gide may be ‘@xpla,@e.& .hy tlie-turbulence- or e&3y-
fo$ming path usually f.o~~owed by the ventilating; air, ..

....-.

Tho values of the nQD=AaQjihfirULl pressure. dpo.~-acroes

the heater predicted from the mee.sured isothermal drop by
means of equp.tlon (13) comnare well with the values me.=.s-
ured in the laboratory. (See fl[s. 10 and 11 ~nd table IV. )
The elo.le of the non-isothermal pressure dron curve should
be &zQaiQx than the slope for the Isothermal curve for the .
coolin~ exhaust gases; whqreas it should be 1sss in the

case of the heated ventilatin~ air. An inspection of eo.ua-
tlon (13) rove=ls the basis for these effects.

The heater tegted hare wa~ constructed of l/J2-inch
iron sheate and wei~hed 33 pounde. It iq believed that a
similar heater lms baen made of thinner metnl by the same
firm, thus conelderably reducini- the weight of the unit.

1. The thermal outmut of the Trano heater at an air
rate of 3000 lb/hr and an exhaust cas rate of ~FOO lb/hr
was 265,000 Bty/hr. The nressuro dro=e, under these con-
ditlone, wara 0.2 inches of water on the alr side and 10
Inches of water on the exhaust gne side.

2. It may be poe~ible tc reduce the larCe preesure
drop on the exhaust Gas eide.b~ reducing the restriction
in tho orosm-eectional area and yet not ~reatly reduce the
thermal output of ths heater, because the controlling re-
sistance to heat transfer aTFears to be on the ventilating
air eide.

— — . ___ - —- . ——
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3,” The thermal output of this heater may be predicted ~
withirx ‘1O to 26. P“br.cent by meane “of equations (3) to (6)9
The silnaasity of the air-s~~e ptisaages may pccount for
part of the dtacrepancy between the predicted “and meaeured “
magnitudes of the over-all thermal conductance UA, The
dir-aide “pressure drop alno is-probably affected...

4,. The thermal performance using fluid temperatures
other than those used in the ”teets”reported herein can be
pyedicted by obtaining the “over-all thermal conductance
UA from figure 9 at “the actual fluid ratee and substitut-
ing In equation (3).
.,

‘ 5. The isothermal preqsure drop on the exhaust gas
stale‘of the ‘heater can be predicted u~ing a friction fac-

‘tor for a smooth tube id equation (12). .
.
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No.

m

/

2

3

20
7

8

9

TABLE .I.- EXPERIMENTAL RESULTS ON TRANE , CROSS-FLOW .:HEATER
. . 3:,.. ...
.. .“,.. ,... . . ...,, . . ;.,. . .,,... . . . .

H~ATER”:”: OVERALL. .. .
~AIR Sl~E’ ,,’ :* - EXHAUST-GAS sl~;- T;EMPS: PERFORMANCE

. .

?! ‘Ta. A-% Vva Ati’ ,~u ~g,. Tg.” A% Wg A@
,fs g ~

~ tii tb . Atk (UA)

& h&’ “+? c)/ e~ ; OF ~ hews K&@
‘F , ‘F. “F hr

HaO hr hr.
‘F “ ‘j= ~ ~~~F

. . ,.

,...,.

96 .422” 326 “4670 /39 “’369 )394 /2/0 /84 69S?0 /8,8 354 0.S6 590 .7M lb50 3S2

(!3(9 439 35/ 3890 69S 330 /377 /206; /:71 7100 /9./ 334 /.0/“ 6/6 (938 1030320

S4 S/0 +/6 .2900 336 290 /385” /23S IJo ‘7040 15?3- 290 U9 680 S30 “S;87 2S

S4 J80 486 2/90 3.88.257 /38/ :/248 ./33 6950 U!@ 254 099 73S 994 968 Z&f

94. 39/“ 297 475b /3.7 322 ‘ /373 //S9 2/4 S800 /3S. 342. L 00 5’29 740 /020 33S

92 ““ 43S 343 3dW(i? 8.80 323; -1407 )2/4 193 J7~ /3.8 <07, 0.95 5S0 834 /j30 313

95 497 402. 2890 58/~ 28/ : /407 ~235 172 +790 139 274 0.98.641 4)0S , /020 276.

94 550. 4S6 2/90. 3.7S” 242 /J68 1227 /4/ 5840 139 227 0$4 6= 960 S62 25/

97 J6d 27/ 4770 /33 313 /3w //46 2444520, 8./s 303 0.97 +6’9 708 /020 307
,.

92 399 307 38W 8.75 289 /403 //64 2/9 4580 ‘6!J0 Z76 0.95 S37 774 /020 283

97 466 369 2900- S78 259- /4// /20S 2064560 ~862 2S8 099 598 8S9 I(AM 252 ~

98 54S 447 2/20 3.7/ 229 /4/S /235 /80 4&30 868 224 0.98 6S9 SS2 /000 229 >
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TA~LE” II’

,.
Isothei-’mal’ Pressure Dro:? D~ta*” on l!rane Cross flov! Heater

I.Air ‘S;.de] ‘“ ... .,. ..-. . . . .: ,.
. . ---- .--.,. -: .. . .. ... . ..-

===== ==;=== ===== ===== ===== ===== ===== ===== ====. .: === ===== =

“lia “;” “ja:’ “ ~APT” =
... .

i Ca~cula‘Ptiu.cts 4-Apht r !..–..._.. ...ES-i—...; 1 .’.. i_5_?..._..... .............-.—
.:C. !C.

(~~lhr)!.L.~~/.Ki-”fF)~(~jft )j.(fb/ft~)~(lbjft2j~:”1se {,”’lsO j------...,,.-—.,7.-— ----::.-+-.-------,------- p-------...-. .—~...,—-.,-..—----

“2560. .“!
. l;;.600.,~:J;.,~:P~,,,3”6~ j 9.52 ;o.161~ 3.45 ‘

. . ...’ ,., ,
3500 16,200 ,!. 23.9 , 7.27 .,:>6.6 \ .139,!’ 2.99.. . .. .. . ,’1’,. . ..., ,. I I

I I !
. . . . . . ..-- —- . . . . .—. - . . . --- . . .- ..- .’ ---- ---- ... ... . . . . . . . . -“----- -., -

.

*Pressure dro-ps obta:ined from plots of APa,,. a~:a.inst ‘“
Wa,.

(9)

liP1,]tr ‘mG------ =--- , Kc +~i~o
Y ~.g L :+(1 - ;:Y~ : “(11)
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,.. . :. )
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Isothermal ‘Pressure Droz Data~ cm Trane Crossflow Heater
~Exhaus4 Gas Sidej*

40’:0 , 26,700 “ lleq :0.w9!0 .657’ 22,000 ;0.024
I

6050 ~ 39,500 i ~
24,1 , .0236, :646: 33, mo : .022

90C0 ‘, 59,290” : 5~93 “ .0215: .59a, 49,700 ‘ .020
I 1--- - -- - - ----- - - -- -- -- - - - ---- - - - -- --- - ___ - - - - - - -_ --- _- -- - --

. . .

APhtr U,la
-----

Y = ;;-

(9)

(12)



TABLE IT

Non-Isothermal Pressure Drop Data on Trane Crossflow Heater

w
Run lb/hr

G Measured Predicted Measured
lb/hr ft2 isothermal non- non-

pressure isothermal isothermal
drop* pressure pressure
— drop drop
APT APT

iso iso AP IApf Ap @

Tl

%

lb/ft21in.H20 lb/ft2 in.H2C lb/ft2 in.H20
(Ti~o= 540°R)

I

Exhaust Gas Side
1

g 456o 34,300 14.3 2.76

1

43.2 g.32 44.g g.64
19 bgoo 43,$00 22.6 4.36 65.6 12.6 70.1 13.5

2 7oMl 52,900 32.7 6.30 og 20.g 100 19.3

Y

—

T
av

oR

U3’p 1665 176g
U333 1619 1726
M45 1695 1770

Air Side

9 2120 g,glo 10.2 1.97 17.g 3.43 19.3 3.72 55g 1005 7a
5 2t3go 13,400 17.0 3.2g 2L?.7 5*53 30.z 5.g2 555 957 756
1 jxgo M,ooo 2g.4 5.48 45.9 g.&l 46.5 g.g6 54g ggg 724

20 4770 22,100 40.0 7.71 60.1 11.6 6g.o 13.1 557 gzg 693

*These entries are t&en from plotof APg against I/g or APa against Wa

since actual isothermal measurements were at slightly different fluid rates.

AP=AFTi.o(>y’3+(&’+____:-l)
iso

(13)
P
u.)

I

I



I

I

I

Figure l.- Photograph of heaterteststand. )-



NACA Figs. 2,3,4.5,6

Figure 2.- Photograph of Figure 3.- Phot o~raph of

Trane heater. Trane heater.

Figure 4.- Photograph of Trane heater with
ventilating-air ducts attached.

.0.:‘“ ,,:;:.+’., ,-:T-
.;, .,- ., .$ ‘“; :

,~...t: ,,,.-,,,,~:”? &“’”’

Figure 5. Fi@re 6.

Figures.5,6.- Photographs of Trane heater
installed in test stand.



tUACA Fig. 7
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Cross section area, ft.2 0.216 (Aa) 0.152 (Ag)

Heat transfer area , ft.2 19.2 19.2

Hydraulic diameter, ft. 0.0253 0.0386

Weiqht af heater — 33 Ibs., shroud — 12 Ibs.

Fig. 7 Schematic Diagram of Trane Heater

and Air Shroud
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